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ABSTRACT

The main purpose of this work is to study the effect of a selectively etched ferroelectric

thin film layer on the performance of an electrically tunable filter. An X-band tunable filter was



designed,fabricatedandtestedonaselectivelyetchedBariumStrontiumTitanate(BSTO)

ferroelectricthin film layer.Tunablefilterswith varying lengthsof BSTOthin-film in the input

andoutputcouplinggapsweremodeled,aswell asexperimentallytested.Experimentalresults

showedthatfilterswith couplinggapspartiallyfilled with BSTOmaintainedfrequency

tunabilityandimprovedtheinsertionlossby -2dB. To thebestof ourknowledge,theseresults

representthefirst experimentaldemonstrationof theadvantagesof selectiveetchingin the

performanceof thin film ferroelectric-basedtunablemicrowavecomponents.

I. INTRODUCTION

In thepastfew years,theuseof high-permittivityferroelectricmaterialsin microwave

deviceshasbeenwidely investigateddueto an increasingneedfor smallersize,lighterweight,

higherpowerhandlingcapability,andlowercostfrequencyandphaseagilecomponents.

Examplesof applicationsin theareaof microwaveengineeringincludefield-dependent

varactors,tunableresonators,filters, andphaseshifters[1-5]. Ferroelectricthin films aresuitable

for tYequency-agilemicrowavecomponentsdueto thenonlineardcelectricfield dependenceof

their relativedielectricconstant.Strontiumtitanate(SrTiO3,henceforthSTO)andBarium

Strontiumtitanate(Ba_Sr___TiO3,hencetbrthBSTO)arethemostpopularferroelectricthin films

currentlybeingstudiedfor frequencyagilecomponentsandcircuits [ 1-5]. In recentyears,proof-

of-concepttunablecomponentssuchasresonators,filters,couplers,diplexers,andphaseshifters

mainly for Ku-band(12 to 18GHz)andK-band(18 to 26GHz) frequencieshavebeen

demonstrated[4-6]. Themajority of thesecomponentsusecoupledmicrostriptransmissionline

design,with acontinuouslayerof theferroelectricthin-film betweenthetransmissionline and

thesubstrateto providefrequencytunability.By applyingadcelectricfield betweenthecoupled
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microstriplines,onecantunetherelativedielectricconstantof theferroelectricthin-film, and

therebychangethetransmissioncharacteristics.This effectresultsin frequencyor phaseagile

components.Thedisadvantageis thatferroelectricmaterialsintroducedielectriclossesat

microwavefrequencies,which increasethedeviceinsertionlosses.Furthermore, the dielectric

losses of the ferroelectric are highest when the ferroelectric is unbiased. Since the tunability of

the dielectric constant is obtained primarily by the electric field between the coupled lines, a

continuous layer of ferroelectric thin-film provides the tunable film between the coupled lines

necessary for tuning, but also results in regions where the ferroelectric layer is unbiased and

contributes nothing to the overall tunability of the device. The untunable portions of the

ferroelectric thus degrade the device performance by increasing insertion losses. It is the

objective of this paper to find out the extent to which selective-etching approach can be used to

reduce insertion losses without adversely affecting tunability. To the best of our knowledge this

is the first such study on tunable filters on selectively etched BSTO.

II. DESIGN AND EXPERIMENTAL

The filter was designed for the center frequency of 7.4 GHz on 500-btm-thick lanthanum

aluminate (LaA10._, henceforth LAO) dielectric substrate with no ferroelectric thin-film layer

present. The cross sectional view of the multilayered coupled microstrip line structure used in

this tunable filter is shown in figure 1. The coupled microstrip line structure has a selectively

etched ferroelectric thin-film layer (BSTO) of 0.3 btm on the LAO substrate, 2-btm-thick gold

thin film for the microstrips, and 2-btm-thick gold ground plane deposited on the bottom side of

the LAO substrate. Figure 2(a) shows the geometry of the tunable filter (top-view) with

dimensions indicated. Figure 2(b) shows the top view of the etched pattern in the BSTO
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ferroelectricthin-film layer.Notethatthedimensionsof theetchedferroelectricpatternare

slightly largerfor easeof alignmentduringthephotolithographicprocessfor thesecondstepof

conductorpatterndefinition.As shownin figure2(b), theportionof thecouplinggapfilled with

ferroelectricthin-film wasvariedfrom alengthof 250to 900lain(entirecoupledlength).These

filters weresimulatedusingSonnetem®electromagneticsimulationsoftware.

TheBSTOferroelectricthin-films (Ba:Srratioof 60:40)usedin thisstudywere300nm

thick, depositedon LAO substrates using a pulsed laser deposition (PLD) technique. Standard

positive photolithography and wet chemical etching techniques were used for selectively etching

BSTO thin-films. The BSTO was selectively etched in a 1:20 Hydrofluoric acid: DI H20

solution. The etch rate for the BSTO thin-film was -30 rim/rain. A lift-off photolithography

process was used for the fabrication of the gold-based filter circuit on the selectively etched

BSTO. A gold layer of ~2 btm thickness was deposited for the ground-plane to complete the

circuit fabrication. The filter circuits were packaged individually and tested inside a vacuum

chamber to allow for high voltage biasing of the resonator, the input, and the output feed line

sections. Voltages up to _+500 V could be applied for testing the filters.

III. RESULTS AND DISCUSSIONS

The theoretical simulation results using Sonnet em ® for the Au/BSTO/LAO multilayered

microstrip bandpass filter are shown in figures 3 and 4, for the cases of varying lengths of the

BSTO in the coupling gap region (900 and 250 btm). Figure 3 shows the simulated response for

the filter with BSTO in the entire length of the coupling gap (i.e., L3 = 900 btm), when the

relative dielectric constant (ewe) is assumed to be tunable from 3000 at zero bias to 300 at high
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bias. The center frequency is tunable from 5.62 to 6.9 GHz, giving a frequency tunability of

1.28 GHz. For comparison, the center frequency of the same filter with no ferroelectric thin-film

layer is 7.4 GHz and a bandwidth of 380 MHz. Figure 4 shows the simulated frequency response

of $2_ for a partial filling of BSTO in the coupling gap of only 250 _m. The center frequency

shifts from 6.26 to 7.12 GHz when the Er_ changes from 3000 to 300, a frequency tunability of

-0.86 GHz.

The experimental results for the single pole filter were obtained by biasing the input,

resonator, and the output sections, with alternative +V bias, called the full bipolar bias [6]. That

is, if the input and output sections were at a negative bias, then the resonator was positive or vice

versa. Figure 5 shows the swept frequency response of $2_ of a filter with BSTO in the entire

length of the coupling gap (900 _m). The measurements were obtained for the applied dc bias

from 0 to +400 V, at room temperature. The insertion loss for this filter at the center frequency of

7.7068 GHz was -8.6784 dB at zero bias. The 3 dB bandwidth was -350 MHz at zero bias. As

the bias voltage is increased to +400 V, the center frequency of the filter was tunable by

<100 MHz. The change in insertion loss and the bandwidth were minimal in this sample.

Figure 6 shows the swept frequency response of Szl for a filter with a partial filling of BSTO in

the coupling gap of only 250 _m. The insertion loss for this filter was -6.24 dB at zero bias, and

improved to -4.5 dB at _+400 V, the lowest among the selectively etched BSTO based tunable

filters studied. As shown in figure 6, the filter was tunable from -7.596 GHz at zero bias to

7.746 MHz at +400 V, a frequency tunability of -150 MHz. Another filter, with a partial filling

of BSTO film in the coupling gap of 500 lain, exhibited the same amount of tunability

(-150 MHz), with an insertion loss of 7.11 dB at zero bias, and no improvement in insertion loss

with applied bias.



Comparisonsbetweenthesimulatedandexperimentaldatauncoveredthefollowing

information.First, for all of thegaplengths,thesimulatedresultspredicta muchgreaterrangeof

tuning(-8 times)thanwasobservedexperimentally.This is attributedto lessdielectrictunability

in theBSTOfilm, ascomparedto thelargedielectrictunabilityassumed(ertunablefrom 3000at

zerobiasto 300at highbias).Modelingthefilterswith e,.tunablefrom 600atzerobias, to 300at

highbiasresultedin atYequencytunabilitycomparableto theexperimentalresults.Second,the

simulatedresultsindicatethatreducingthelengthof theBSTOferroelectricfilm in thecoupling

gapfrom 900to 250_m causesadecreasein frequencytunability.Preliminaryexperimental

resultsindicatethattheexperimentaltunabilitiesfor thefilters with partiallyfilled BSTOin the

couplinggapsof 500and250gm, werevirtually identical(-150 MHz), andcomparableor

higherthanthefrequencytunability for thefilterswith theentirecoupledlengthsfilled by

BSTO.Third, thehigh-field insertionlossfor thefilter with only 250gm of BSTOin the

couplinggapswaslowerby >2 dB, comparedto thefilters with the lengthsof BSTOin the

couplinggapsof 500and900 _tm.Thisresultconfirmsthemainadvantageof selectiveetching,

asonemaybeableto reducetheinsertionlossof tunablefilters with outsacrificingfrequency

tunabitity.Nevertheless,moredetailedwork is underwaywith additionallengthsof BSTOin the

couplinggapsandwith BSTOsamplesfromdifferentbatches,to corroboratetheaforementioned

results.

IV. SUMMARY AND CONCLUSIONS

In summary, tunable bandpass filters were designed, fabricated and tested on selectively

etched BSTO ferroelectric thin-films. Filters with varying lengths of BSTO in the coupling gaps
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were studied for the first time. The frequency tunability of filters with partial filling of the BSTO

in the coupling gaps of 500 and 250 gm were equal to or higher than that of filters with BSTO in

the entire coupled lengths, while lowering the insertion loss by -2dB. These results demonstrate

the viability of this approach for reducing circuit insertion loss without adversely affecting

tunability.
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FIGURE CAPTIONS

Figure 1.---Crosssectionof thetwo-layeredcoupledmicrostripline structureusedin this single

polefilter. Width of thecoupledlinesW = 165_m, andthespacingS = 62.5 lain.

Figure2(a).--Schematicof asinglepoletunablebandpassfilter. Dimensionsare:couplinggap

SI = 62.5lain,Lt = 1.15ram,L2= 0.9ram.All microstriplinesare165_tmwide.

Figure2(b).--Top view of thepatternedferroelectricthin-film layer.Dimensionsare:

S_= 62.5lain,L_= 1.15mm, L2=0.9ram,andL3= 0.25,0.5,0.9ram.All linesare 190_tm

wide.

Figure3.--Simulated frequencyresponsefor thefilter with theentirecoupledlength(0.9ram)

filled with BSTO.

Figure4.--Simulated responsefor afilter with apartial filling of BSTOin thecouplinggapof

only 0.25mm.

Figure5.--Bias dependenceof sweptfrequencyresponsefor a filter with theentirecoupled

length(0.9ram)filled with BSTO,for 0, +100, _+200, _+300, and _+400 V.

Figure 6.--Bias dependence of swept frequency response for a filter with a partial filling of

BSTO in the coupling gap of 0.25 mm, for 0, +100, -+200, -+300, and _+400 V.




